Introduction {#sec1-0300060520943792}
============

Currently, lymphoma is the seventh most common cancer, affecting more than a million people globally. There are more than 100 types of lymphoma,^[@bibr1-0300060520943792]^ approximately 70% to 90% of which are B-cell derived.^[@bibr2-0300060520943792]^ Diffuse large B-cell lymphoma (DLBCL) is one of the most common types of B-cell lymphoma, and it is associated with a high mortality rate.^[@bibr3-0300060520943792]^ Although tremendous progress has been made in the treatment of this malignancy in recent decades, the average 5-year survival rate is less than 50%.^[@bibr4-0300060520943792]^ Thus, the development of new therapeutic drugs is urgently needed.

Curcumin, a major bioactive component of turmeric, has been demonstrated to possess a wide range of effects against several malignancies, including gastric cancer,^[@bibr5-0300060520943792]^ colorectal cancer,^[@bibr6-0300060520943792]^ breast cancer,^[@bibr7-0300060520943792]^ thyroid cancers,^[@bibr8-0300060520943792]^ and leukemia^[@bibr9-0300060520943792]^. Previous studies illustrated that curcumin inhibited the proliferation of non-Hodgkin's lymphoma (NHL) and Hodgkin's lymphoma (HL) cells.^[@bibr10-0300060520943792][@bibr11-0300060520943792]--[@bibr12-0300060520943792]^ Moreover, Maribel et al.^[@bibr13-0300060520943792]^ reported that curcumin can repress the growth of germinal center B-cell (GCB)-type DLBCL. DLBCL can be divided into two subtypes: activated B-cell--like and GCB-like.^[@bibr14-0300060520943792]^ The mechanism by which curcumin inhibits the growth of GCB-type DLBCL remains unclear.

MicroRNAs (miRNAs) are small, single-stranded, non-coding RNAs of approximately 20 to 22 nucleotides in length. MiRNAs regulate physiological processes by binding recognition sites in the 3′-untranslated region (UTR) of target genes, thereby inhibiting translation. In previous research on miRNA expression profiles during human B-cell lymphomagenesis, MiR-28 was identified as an intragenic miRNA located on chromosome 3q28, which was specifically induced by the germinal center (GC) reaction.^[@bibr15-0300060520943792]^ Evidence has revealed the potential involvement of miR-28 in the development of B-cell lymphoma.^[@bibr16-0300060520943792]^ Schneider et al.^[@bibr17-0300060520943792]^ found that miR-28 acts as a tumor suppressor and that it was downregulated in B-cell lymphomas. MiR-28 overexpression leads to the inhibition of lymphoma cell proliferation.^[@bibr18-0300060520943792]^

In the present study, we hypothesized that curcumin exerts anti-proliferative effects on DLBCL cells by upregulating miR-28 expression. We investigated the effects of curcumin on miR-28 levels and clarified the underlying mechanism.

Materials and methods {#sec2-0300060520943792}
=====================

Ethical approval {#sec3-0300060520943792}
----------------

The present study was approved by the Experimental Ethics Committee of The Fourth Affiliated Hospital of Hebei Medical University (No. 2019021). This study was conducted according to the ethical guidelines of the Declaration of Helsinki. All studies were performed in cell levels, thus, informed consent was not required.

Cell culture and treatment {#sec4-0300060520943792}
--------------------------

The human GCB-type DLBCL cell line OCI-LY7 and human embryonic kidney cell line HEK-293T were purchased from American Type Culture Collection (Manassas, VA, USA). OCI-LY7 cells were cultured in Iscove's modified Dulbecco's medium supplemented with 20% fetal bovine serum (FBS) (HyClone, Thermo Fisher Scientific, Waltham, MA, USA). HEK293T were cultured in Eagle's minimum essential medium containing 10% FBS. All cell lines were supplemented with 100 IU/mL penicillin/streptomycin (HyClone) and incubated at 37°C and 5% CO~2~. Curcumin (98% purity) was purchased from Sigma-Aldrich (St. Louis, MO, USA). Curcumin was dissolved in 0.1% DMSO and diluted to final concentrations of 2.5, 5, 10, 20, and 40 μM.

Cell viability assay {#sec5-0300060520943792}
--------------------

Cell viability was assessed using 3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyl tetrazolium bromide (MTT) reagent. First, single-cell suspensions were collected after digestion with 0.5% trypsin. Cells at a density of 1 × 10^4^/well were seeded in 96-well plates for 48 hours at 37°C. Curcumin was added at a final concentration of 2.5, 5, 10, 20, or 40 μM and incubated with the cells for 24, 48, or 72 hours. Then, 10 μL of MTT stock solution were added to each well, and the plate was incubated for 4 hours at 37°C to observe crystal formation. Finally, the crystals were dissolved by adding 100 μL of DMSO for 5 minutes. The absorbance at 570 nm was measured using a microplate reader (Bio-Tek, Winooski, VT, USA). Each well was duplicated three times.

TdT-mediated dUTP nick-end labeling (TUNEL) staining {#sec6-0300060520943792}
----------------------------------------------------

OCI-LY7 cells were seeded into a six-well plate (1 × 10^5^ cells/well) and cultured for 24 hours. Then, the cells were treated with curcumin (40 μM) or medium for 24 hours. After treatment, cells were washed with cold PBS and fixed with 4% paraformaldehyde at room temperature for 1 hour. DNA fragmentation was examined using an *in situ* cell death detection kit according to the manufacturer's instructions (Roche, Basel, Switzerland). The stained cells were imaged via fluorescence microscopy (90i, Nikon, Tokyo, Japan). The number of TUNEL-positive cells was randomly counted.

Cell transfection {#sec7-0300060520943792}
-----------------

OCI-LY7 cells were cultured at 37°C with 5% CO~2~. In total, 2 × 10^6^ cells were seeded per well in six-well plates for 12 hours. An miR-28-5p mimic or inhibitor was transfected into cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). A random sequence of oligonucleotides was used as a negative control (NC). The cells were collected 24 hours after transfection for the following experiments. The experiments were repeated three times. qRT-PCR was performed to verify the efficiency of transfection.

Dual-luciferase reporter assay {#sec8-0300060520943792}
------------------------------

The luciferase reporter recombining the wild-type (*wt*) or mutant (*mut*) BECN1 3′-UTR containing the potential binding sites of miR-28-5p was purchased from Promega (Madison, WI, USA). The psiCHECK2 vector (Promega) containing the *wt* or *mut* BECN1 3′-UTR and internal control vector were co-transfected with the miR-28-5p mimic or NC into HEK293T cells using Lipofectamine 2000 reagent. After 48 hours, luciferase activity was measured using a dual-luciferase reporter assay kit according to the manufacturer's protocol (Promega).

RNA isolation and qRT-PCR {#sec9-0300060520943792}
-------------------------

Total RNA from the cultured cells was extracted using TRIzol reagent according to the manufacturer's instructions (Invitrogen). cDNA was synthesized using an M-MLV reverse transcription kit (Invitrogen). MiRNA was extracted using an RNeasy Mini Kit (Tiangen, Beijing, China) and reversed-transcribed into cDNA using a poly (A) kit (Tiangen). qPCR analysis was performed using SYBR Green PCR mix (Tiangen) and the ABI Q6 system (Applied Biosystems, Thermo Fisher Scientific). All reactions were performed in triplicate. The gene-specific primers sequences are as follows: *miR-28-5p* sense, 5′-AACACGCAAGGAGCTCACAG-3′; *U6* sense, 5′-AACAAGCCCTGC GCAAGGATGA-3′; *BECN1* sense, 5′-GGAAGTTTTCCGG CGGCT-3′; *BECN1* antisense, 5′-AGACCCTTCCATCCCTCAGC-3′; *β-actin* sense, 5′-GTCATTCCAAATATGA GATGCGT-3′; and *β-actin* antisense, 5′-GCTATCACCTCCCCTGTGTG-3′. The primers were synthesized by Invitrogen (Shanghai, China). β-actin and U6 were used as internal control genes for the relative quantities of mRNA and miRNA, respectively. The 2^−△△Ct^ method was used to analyze the qPCR results.^[@bibr19-0300060520943792]^

Western blotting {#sec10-0300060520943792}
----------------

Cells were collected and lysed in RIPA lysis buffer containing 50 mM Tris-HCl (pH 7.4), 1 mM EDTA, 150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, and protease inhibitor cocktail (cOmplete™ ULTRA, Roche). The lysate was centrifuged at 14,000 × *g* for 20 minutes at 4°C, after which the supernatant was collected. The protein concentration was assayed using a BCA kit. Equal amounts of protein (10 μg) were separated via SDS-PAGE and transferred to PVDF membranes. After blocking with 5% non-fat milk for 2 hours, the membrane was incubated with primary monoclonal antibodies against BECN1 (1:1000, Cell Signaling Technology, Danvers, MA, USA), microtubule-associated protein 1 light chain 3 beta (LC3B, 1:4000, Sigma-Aldrich), p62 (1:1000, Cell Signaling Technology), caspase-3 (1:1000, Cell Signaling Technology), and cleaved caspase-3 (1:1000, Cell Signaling Technology) overnight at 4°C. After three washes with Tris-buffered saline with Tween 20 (TBST), the membranes were incubated with an HRP-labeled secondary antibody (1:30,000, Cell Signaling Technology). After three washes with TBST, enhanced chemiluminescence reagent (Merck, Darmstadt, Germany) was added, and the immunoreactive bands were captured using X-ray film (Kodak, Rochester, NY, USA). The relative protein expression was normalized using GAPDH as an internal reference.

Statistical analysis {#sec11-0300060520943792}
--------------------

All data are presented as the mean ± SEM. SPSS 19.0 software (IBM, Armonk, NY, USA) was used for statistical analysis. Student's *t*-test was used to compare differences between the groups. *P* \< 0.05 denoted statistical significance.

Results {#sec12-0300060520943792}
=======

Curcumin decreased the proliferative activity of OCI-LY7 cells {#sec13-0300060520943792}
--------------------------------------------------------------

To investigate the effect of curcumin on proliferative activity, OCI-LY7 cells were treated with curcumin (2.5, 5, 10, 20, and 40 μM). As shown in [Figure 1](#fig1-0300060520943792){ref-type="fig"}, cell viability was significantly decreased in the curcumin group (40 μM) at 24 hours compared with the findings in the control group (*P* \< 0.05). In addition, curcumin (10--40 μM) significantly decreased cell viability at 48 and 72 hours (both *P* \< 0.05).

![Curcumin reduced the proliferative activity of OCI-LY7 cells. The cells were incubated with curcumin (2.5, 5, 10, 20, and 40 μM) for 24 (a), 48 (b), and 72 hours (c). Cell viability was detected using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyl tetrazolium bromide assay. N = 6. Compared with the control group, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001.](10.1177_0300060520943792-fig1){#fig1-0300060520943792}

Curcumin upregulated miR-28-5p expression in OCI-LY7 cells {#sec14-0300060520943792}
----------------------------------------------------------

The effect of curcumin on miR-28-5p levels was detected by qRT-PCR. As shown in [Figure 2](#fig2-0300060520943792){ref-type="fig"}, miR-28-5p expression was significantly upregulated in the curcumin group at 24 (40 μM, *P* \< 0.05), 48 (20 μM: *P* \< 0.05; 40 μM: *P* \< 0.001), and 72 hours (10 μM: *P* \< 0.05; 20 μM: *P* \< 0.001; 40 μM: *P* \< 0.001) compared with its levels in the control group.

![Curcumin upregulated miR-28-5p expression in OCI-LY7 cells. The cells were incubated with curcumin (2.5, 5, 10, 20, and 40 μM) for 24 (a), 48 (b), and 72 hours (c). MiR-28-5p levels were detected via qRT-PCR. n = 6. Compared with the control group, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001.](10.1177_0300060520943792-fig2){#fig2-0300060520943792}

MiR-28-5p inhibition attenuated the anti-proliferative activity of curcumin in OCI-LY7 cells {#sec15-0300060520943792}
--------------------------------------------------------------------------------------------

To evaluate whether the anti-proliferative ability of curcumin is related to the upregulation of miR-28-5p, the effect of curcumin on cell viability was detected in the presence or absence of an miR-28-5p inhibitor ([Figure 3a](#fig3-0300060520943792){ref-type="fig"}). Compared with the findings for curcumin alone, cell viability was significantly increased in the presence of curcumin and the miR-28-5p inhibitor (*P* \< 0.01). The NC failed to influence cell viability. In addition, the efficiency of transfection was verified by the decreased miR-28-5p levels following treatment with an miR-28-5p inhibitor (*P* \< 0.001; [Figure 3b](#fig3-0300060520943792){ref-type="fig"}).

![The anti-proliferative activity of curcumin was attenuated by an miR-28-5p inhibitor in OCI-LY7 cells. OCI-LY7 cells were transfected with an miR-28-5p inhibitor or negative control (NC). The cells were incubated with or without curcumin (40 μM) for 48 hours. (a) Cell viability was detected using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyl tetrazolium bromide assay. (b) The transfection efficiency was assessed by qRT-PCR. N = 6. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001.](10.1177_0300060520943792-fig3){#fig3-0300060520943792}

MiR-28-5p inhibition attenuated the pro-apoptotic effects of curcumin in OCI-LY7 cells {#sec16-0300060520943792}
--------------------------------------------------------------------------------------

To investigate the effects of curcumin on cell apoptosis, TUNEL staining and the protein levels of caspase-3 were examined. Compared with the findings in the control group, curcumin significantly increased the percentage of apoptotic cells (*P* \< 0.001) and the protein expression of cleaved caspase-3 (*P* \< 0.05). Compared with the effects of curcumin alone, cell apoptosis was significantly attenuated by miR-28-5p inhibition (*P* \< 0.05), whereas the NC did not induce significant changes ([Figure 4](#fig4-0300060520943792){ref-type="fig"}).

![The pro-apoptotic effects of curcumin were attenuated using an miR-28-5p inhibitor in OCI-LY7 cells. OCI-LY7 cells were transfected with an miR-28-5p inhibitor or negative control (NC). The cells were incubated with or without curcumin (40 μM) for 48 hours. (a) TdT-mediated dUTP nick-end labeling (TUNEL) staining. (b) The percentage of TUNEL-positive cells. (c) The immunoblot bands of caspase-3 and cleaved caspase-3. (d) The relative protein levels of cleaved caspase-3. (e) The relative protein levels of caspase-3. N = 6. Compared with the control group, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. Compared with the curcumin group, \#*P* \< 0.05, \#\#*P* \< 0.01. Scale bar equal to 25 μm.](10.1177_0300060520943792-fig4){#fig4-0300060520943792}

Identification of BECN1 as a direct target of miR-28-5p {#sec17-0300060520943792}
-------------------------------------------------------

To explore the potential target gene of miR-28, we predicted the binding sites of miR-28-5p using TargetScan, miRanda, and miRDB. We identified a putative miR-28-5p binding site in the 3′-UTR of the BECN1 gene at a site between nucleotides 21 and 26, and this region is highly conserved in various species ([Figure 5a and 5b](#fig5-0300060520943792){ref-type="fig"}). The dual-luciferase reporter assay revealed that the miR-28-5p mimic significantly reduced luciferase activity in the *wt* BECN1 group compared with the findings in the NC group (*P* \< 0.01); however, the miR-28-5p mimic did not affect luciferase activity in the *mut* BECN1 group ([Figure 5c](#fig5-0300060520943792){ref-type="fig"}).

![BECN1 was a direct target of miR-28-5p. (a) Complementarity between miR-28-5p and the 3′-untranslated region (UTR) of BECN1. (b) The conserved binding sites in 3′-UTR of the BECN1 gene in various species. (c) Dual-luciferase reporter assay of the interaction between miR-28-5p and BECN1. (d) Protein expression of BECN1 in OCI-LY7 cells following transfection with an miR-28-5p mimic, miR-28-5p inhibitor, or negative control (NC). (e) The transfection efficiency was assessed by qRT-PCR. (f) The mRNA levels of BECN1 in OCI-LY7 cells. N = 6. Compared with the control group, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. Cir, curcumin.](10.1177_0300060520943792-fig5){#fig5-0300060520943792}

To further validate that BECN1 is the direct target of miR-28-5p, an miR-28-5p mimic, miR-28-5p inhibitor, or NC were transfected into OCI-LY7 cells. The mRNA and protein levels of BECN1 were detected by qRT-PCR and western blotting, respectively. As shown in [Figure 5d and 5f](#fig5-0300060520943792){ref-type="fig"}, the miR-28-5p mimic significantly decreased the protein levels of BECN1 (*P* \< 0.05), whereas the miR-28-5p inhibitor upregulated its expression (*P* \< 0.05). Neither the miR-28-5p mimic nor inhibitor affected the mRNA levels of BECN1. The efficiency of transfection is displayed in [Figure 5e](#fig5-0300060520943792){ref-type="fig"}.

Curcumin downregulated BECN1 expression and inhibited autophagy in OCI-LY7 cells {#sec18-0300060520943792}
--------------------------------------------------------------------------------

Concerning the effects of curcumin on autophagy-related protein levels, the results demonstrated that curcumin significantly decreased the protein levels of BECN1 (*P* \< 0.01) and the LC3B-II/LC3B-I ratio (*P* \< 0.01) as well as increased P62 expression (*P* \< 0.05) in OCI-LY7 cells. Moreover, the miR-28-5p inhibitor significantly prevented these curcumin-induced changes (*P* \< 0.05), whereas the NC had no effects. The results are presented in [Figure 6](#fig6-0300060520943792){ref-type="fig"}.

![Curcumin downregulated the protein expression of BECN1 and inhibited autophagy in OCI-LY7 cells. OCI-LY7 cells were transfected with an miR-28-5p inhibitor or negative control (NC). Then, the protein expression of BECN1, microtubule-associated protein 1 light chain 3 beta (LC3B), and p62 were examined via western blotting. (a) Immunoblot bands. (b) The relative protein levels of BECN1. (c) The relative protein levels of LC3B-II/LC3B-I. (d) The relative protein levels of p62. N = 6. Compared with the control group, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. Compared with the curcumin group, \#*P* \< 0.05, \#\#*P* \< 0.01, \#\#\#*P* \< 0.001. Cir, curcumin.](10.1177_0300060520943792-fig6){#fig6-0300060520943792}

Discussion {#sec19-0300060520943792}
==========

Previous studies found that curcumin exerts anti-proliferative effects on B-lymphoma cells including the Raji B-NHL cell line and HL cells. In the present study, we investigated the anti-proliferative effects of curcumin on OCI-LY7 cells, a GCB-type DLBCL cell line. Our data indicated that curcumin could inhibit the proliferation of OCI-LY7 cells in a concentration- and time-dependent manner. The present results suggested that curcumin may have beneficial effects in the treatment of GCB-type DLBCL.

Numerous studies have focused on the regulatory function of miRNA in the pathogenesis and progression of B-cell lymphomas.^[@bibr20-0300060520943792],[@bibr21-0300060520943792]^ The abnormality of miRNA expression was highly correlated with the development of B-cell lymphoma. Many miRNAs have been identified as biomarkers of B-cell lymphoma.^[@bibr22-0300060520943792],[@bibr23-0300060520943792]^ Schneider et al.^[@bibr17-0300060520943792]^ revealed that miR-28 expression is downregulated in B-cell lymphomas, suggesting that silencing of miR-28 will contribute to lymphomagenesis. Another study confirmed that miR-28 is a key regulator of the GC reaction and that it could inhibit B cell proliferation, suggesting that miR-28 has anti-tumor activity in Burkitt's lymphoma and DLBCL.^[@bibr16-0300060520943792]^ To investigate whether the anti-proliferative effects of curcumin were related to the upregulation of miR-28, we detected miR-28-5p levels via qRT-PCR. Our results illustrated that curcumin significantly upregulated miR-28-5p expression in OCI-LY7 cells. Additionally, we found that miR-28-5p inhibitors attenuated the anti-proliferative activity of curcumin, further demonstrating that this anti-proliferative activity was related to the upregulation of miR-28-5p. To investigate whether curcumin affects apoptosis in OCI-LY7 cells, TUNEL staining was performed, and the results revealed that curcumin treatment significantly increased the number of apoptotic cells. Moreover, curcumin also upregulated the protein expression of cleaved caspase-3, which more clearly confirmed the pro-apoptotic effects of curcumin on OCI-LY7 cells. However, these effects were blocked by an miR-28-5p inhibitor, but not by the NC, further suggesting that the anti-proliferative and pro-apoptotic effects of curcumin were partly mediated by miR-28-5p upregulation.

We next predicted the target genes of miR-28-5p using online databases and identified BECN1 as a potential target gene of miR-28-5p. We confirmed the direct binding of miR-28-5p to the 3′-UTR of BECN1 using the dual-luciferase reporter assay. To further verify the interaction between miR-28-5p and BECN1, an miR-28-5p mimic or inhibitor was transfected into OCI-LY7 cells, and subsequently, mRNA and protein levels were examined. The protein levels of BECN1 were significantly decreased in the miR-28-5p mimic group and increased in the miR-28-5p inhibitor group. However, mRNA expression did not differ between the groups. The present results demonstrated that the protein levels of BECN1 were negatively correlated with miR-28-5p, which is consistent with the common mechanism of animal miRNA function.^[@bibr24-0300060520943792]^

BECN1 is an important promoter of autophagy. Autophagy, also known as macroautophagy, is an intracellular degradation pathway activated in response to stress stimuli, such as hunger and hypoxia.^[@bibr25-0300060520943792],[@bibr26-0300060520943792]^ Cells degrade damaged or unnecessary organelles suing lysosomes to enhance their survival.^[@bibr27-0300060520943792]^ Although the role of autophagy in tumor suppression has been widely studied,^[@bibr28-0300060520943792],[@bibr29-0300060520943792]^ many researchers proposed that autophagy was beneficial for the survival of cancer cells.^[@bibr30-0300060520943792],[@bibr31-0300060520943792]^ The development of malignant cells is challenged by the boosted demand for nutrients. In such circumstances, several key mechanisms are activated, such as hypoxia-induced factor 1α and autophagy. The activation of autophagy in tumor cells promotes survival, especially by increasing resistance to nutrient changes, low oxygen availability, and chemotherapy-induced toxicity.^[@bibr32-0300060520943792],[@bibr33-0300060520943792]^ Chloroquine, an autophagy inhibitor, impaired spontaneous lymphomagenesis in a Burkitt's lymphoma model and provoked the clonogenic death of myc-induced lymphoma cells.^[@bibr34-0300060520943792]^ Therefore, autophagy is more likely a double-edged sword, especially in lymphomas.^[@bibr35-0300060520943792]^ Our present results uncovered that BECN1 was a direct target of miR-28-5p, which suggested the participation of miR-28-5p in the regulation of autophagy. To investigate whether the anti-proliferative effects of curcumin were related to the inhibition of autophagy, we detected the protein levels of BECN1, LC3B, and p62. LC3B is the most important biomarker of the autophagic process. When autophagy is initiated, cytoplasmic LC3B-I is converted into its phosphatidylethanolamine-conjugated form LC3B-II.^[@bibr36-0300060520943792]^ LC3B-II participates in the process of autophagosome membrane expansion and fusion.^[@bibr37-0300060520943792]^ An elevated LC3B-II/LC3B-I ratio reflects the increased activity of autophagy. However, these effects may have also resulted from the decreased degradation of LC3B-II in autolysosomes. Therefore, to exclude this possibility, p62 expression should be measured. p62 is an intracellular longevity protein that is mainly degraded in autolysosomes via an interaction with LC3B-II.^[@bibr38-0300060520943792]^ The increased levels of p62 reflect the inhibition of degradation in autolysosomes. The present results demonstrated that BECN1 and LC3B-II/I protein expression was downregulated by curcumin, whereas p62 expression was upregulated. These results confirmed that curcumin inhibited autophagy and reduced the degradation of p62 in autolysosomes. Additionally, these effects of curcumin were attenuated by an miR-28-5p inhibitor, which further suggested that the inhibition of autophagy by curcumin is related to the upregulation of miR-28-5p.

Conclusion {#sec20-0300060520943792}
==========

Taken together, the present study demonstrated that curcumin reduced the proliferation of OCI-LY7 cells by upregulating the expression of miR-28-5p. MiR-28-5p overexpression resulted in the inhibition of autophagy through direct effects on BECN1. Our findings suggested that miR-28-5p is a potential target through which curcumin inhibits the proliferation of GCB-type DLBCL cells. However, further experiments are necessary to verify these findings *in vivo*.
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